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Appeal From the Examiner to the Board of Appeal and Interferences 

What is my dispute difference of opinion) with the Examiner in relation to Office Action dated 

07/1 1/2006 

In this appeal, may I kindly request the Board of Appeal to consider the following two requests: 

First: I am still arguing that asthma and asthmatic bronchitis are two separate unrelated diseases 
and that my claim rejection was brought up by confusion in the name between the old term of 
asthmatic bronchitis and asthma. Accordingly the use of glvcophosphopeptical in the treatment 
of asthma in mv patent is novel and kindly req uesting its allowance. 

Second: Claim 25 reads as "A pharmaceutical composition consisting essentially ^ of 
glycophosphopeptical for oral administration for the treatment of allergy and asthma ....etc", I 
am arguing that the pharmaceutical composition for the treatment of "allergy" as a group of 
diseases referred to separately in the patent application, under description of the invention, with 
enabelment and previous clarification in my reply to the Office Action filed on Aug 2004 with 
X-ray films clarifying its unique outcome of early clinical testing , and will be detailed later, 
have been forgotten and overlooked. Mav I kindly r equest the allowa nce of this claimed 
invention. 



In this reply, references to the standard teaching of medical textbooks are made for detailed 
description of asthmatic bronchitis. Selected chapters are photocopied, and the relevant 
paragraphs are underlined in order to clarify the source of confusion in the name, the 
differentiating clinical features, and the correlation between asthmatic bronchitis and asthma. I 
am trying to keep the text minimal, but excuse me for placing some paragraphs and sentences ot 
secondary importance to keep the continuity of the reply. 

Asthma is currently an international enigma with increasing incidence and uncontrolled patients. 
According to medical reports released during 2006 from the "Global Initiative Of Asthma" that 
will be included in the mail copy of this Response and Appeal. 



Detailed Appeal / First 

Claim 25 in relation to "A pharmaceutical composition consisting essentially of 
glycophosphopeptical for oral administration for the treatment of asthma" 

My argument filed April 12, 2006 was that the Sanchez had excluded cases of asthma in patients 
selection as described in page 36 column 1 of the article as follows: 

"MATERIAL Y METODOS 

Pacientes. Se seleccionaron 40 ninos no atopicos con clinica respirotoria infecciosa de 
bronquuitis espastica y/o asmatica con pruebas cutaneas a neumoallergenos negative e IgL 
total normal. 

BEST AVAILABLE COPY 



Application/Control No.: 09/944,564 
Inventor: Nida Nassief 



Page 3 



Examiner: Patrick T. Lewis 
Board of Appeal and Interference 



May I add to my argument filed April 12, 2006 that referring to the title of the article by 
Sanchez which reads as " Valoracion clinica immunologica de un modificador de la respuesta 
biologica, AM3, en el tratamiento de la patologia respiratoria infectiosa infantile", this 
description fits the condition of asthmatic bronchitis "bronchiolitis" as will follow, but not 
asthma. 

In the Examiners Office Action dated 07/1 1/2006, page 4, line 7, he have the following comment 
"It was well known in the art at the time of the invention that asthmatic bronchitis is a condition 
in which the airways in the lungs are obstructed due to both persistent asthma and bronchitis." 
My reply is that "The term bronchiolitis was first used by Engle and Newns in 1940, 
bronchiolitis appears to have been born from a long lineage of confusing sobriquets, including 
"asthmatic bronchitis." As will be described below under the title "Bronchiolitis" page 5 of this 
report. Therefore at the time of filing my invention it was well known that asthma and asthmatic 
bronchitis are two separate diseases. 



Most important, to support my argument further, I am submitting new evidence from the 
standard teaching of medical textbooks that clarifies the point that asthma previously was used to 
indicate "shortness of breath" as in the case of the term "cardiac asthma" that is used to denote 
shortness of breath in heart failure (Annex II). Furthermore the correlation between asthma and 
asthmatic bronchitis; selected from the textbook of Principles and Pr a c t i ce o f Infec tious Diseases 
2005 (Annex m), asthmatic bronchitis is currently named bronchiolitis. The term bronchiolitis 
was first used by Engle and Newns in 1940 for the lower respiratory tract disease observed in 
young infants. The term bronchiolitis appears to have been born from a lone lineage of confusing 
sobriq uets, including "acute catarrhal bronchitis," "interstitial bronchopneumonia," "spastic 
bronchopneumonia," "capillary or obstructive bronchiolitis " and "asthmatic bronchitis." And 
that " We are dealing with two separate diseases that mav co exist in an infant and that children 
with bronchiolitis in infancy have no increased risk of asthma by the time they reach 
adolescence." This will be detailed further in the following text. May I kindly request 
consideration of this new evidence and other reference in the text and allow my claimed 
invention. 

Confusing medical terms using asthma 

The term asthma, historically, is used to designate any disease characterized by "asthma-like 
symptoms", in patients complaining of dyspnoea, wheeze, cough and sputum. Those diseases are 
unrelated to the disease entity of current asthma; examples are 1- "cardiac asthma" and 2- 
"asthmatic bronchitis". 



1- Cardiac Asthma 

The clinical manifestations of heart failure includes respiratory disturbances as dyspnoea and 
paroxysmal nocturnal dyspnoea; this term refers to attacks of sever shortness of breath and 
coughing that generally occur at night. Cardiac asthma is closely related to paroxysmal nocturnal 
dyspnoea and nocturnal cough and is characterized by wheezing secondary to bronchospasm- 
most prominent at night. 
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Annex II - Part VIII Disorders of the Cardiovascular System: page 1370. HARRISON'S 
PRINCIPLES OF INTERNAL MEDICINE. 16 th Edition (2005) Mc Graw-Hill 

2- Bronchiolitis (Asthmatic Bronchitis) 

Exact definition of asthmatic bronchitis is available from a textbook of "Principles and Practice 
of Infectious Diseases ", selected paragraphs follows indicates that we are dealing with two 
se parate diseases that mav coexist in an infant The following statements contitute a reply to the 
point raised by the examiner: : 

Page 812, coloumn 2: "Bronchiolitis is an acute viral lower respiratory tract illness that occurs 
during the first 2 years of life. The illness also has been called "w heezv bronchitis^ and 
"asthmatic bronchitis". Whatever term is applied, the syndrome is caused primarily by 
viral infections. The characteristic clinical manifestations include an acute onset of 
wheezing and hyperinflation, most commonly associated with cough, rhinorrhea, tachypnoea 
(increased respiratory rate) and respiratory distress." 

"The term bronchiolitis appears to have been born from a long lineage of confusing 
sobriquets, including "acute catarrhal bronchitis," "interstitial bronchopneumonia," 
"spastic bronchopneumonia," "capillary or obstructive bronchiolitis," and "asthmatic 
bronchitis." Bronchiolitis, however, did not become reco gnized as a distinct entity until the 
1940s." 

In page 814, coloumn 1 under the term Pathophysiology "The term bronchiolitis was first used 
by Engle and Newns in 1940 for the lower respiratory tract disease observed in young infants 
that tend to be sever and often fatal. The virus initially replicates in the epithelium of the upper 
respiratory tract, but in the young infant it tend to spread rapidly to the lower tract airways." 

"Inflammatory changes of various severity are observed in most small bronchi and bronchioles. 
The inflammation and edema make the small-lumen airways in infants particularly vulnerable to 
obstruction. Thus, although airflow is impended during both inspiration and expiration, the latter 
is more affected and prolonged." 



In the first column, last paragraph in page 815, under the title of "Pathophysiology": "Clarifying 
the relationship between bronchiolitis and subsequent asthma is complicated by confusion about 

the Pathophysiology of asthma itself Nevertheless, "The association between 

bronchiolitis and asthma is not straightforward. Several investigatorshave demonstrated 
that children with bronchiolitis in infancy have no increased risk for asthma or abnormal 
pulmonary function by the time they reach early adolescence. 

In the first column of page 816 under the title "Diagnosis" and its continuation in the second 
column in the same page: "The diagnosis of bronchiolitis is made most frequently on the basis of 
the characteristic clinical and epidemiological findings. However considerable confusions exist 
over the exact definition of bronchiolitis. A variety of entities may cause a similar picture of 
dyspnoea and wheezing in the infant. Asthma is not easily differentiated, particularly if it is the 
infant's first episode. Furthermore the two diseases may be combined." 

Annex III Caroline Breese Hall and John T. McBride. Bronchiolitis. Chapter 60: 812-819. 
PRINCIPLES AND PRACTICE OF INFECTIOUS DISEASES. Sixth Edition 2005. Elsevier 
Churchill Livingstone. 
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Asthma - selected paragraphs related to my invention 

The problem is related to the diseases manifested clinically by the triad of cough dyspnoea and 
wheeze. 

Definition: Asthma is defined as a chronic inflammatory disease of the airways of any age. The 
symptoms of asthma consist of a triad of dyspnoea (shortness of breath), cough, and wheezing 
(respiration becomes audibly harsh and expiration becomes prolonged). The end of an episode is 
frequently marked by a cough that produces thick stringy mucus, when examined 
microscopically, often shows eosinophils (P1511) . Asthma is an episodic disease, with acute 
exacerbations interspaced with symptom-free periods. Typically most attacks are lasting minutes 
to hours spontaneously or after treatment (PI 508). The eosinophil appears to play an important 
part in the infiltrative component (PI 509). 

Stimuli that incite asthma (provoke acute episode) can be grouped into seven major categories 
(PI 509) : 

• Allergens in allergic asthma (25-35% of all cases, young age up to 30 years) is dependant 
on an IgE response controlled by T and B lymphocytes and activated by interaction of 
antigen with mast cell-bound IgE molecule, mostly inhaled antigens (as pollens, dust, 
dust mite, cat dander, grasses . . . ect). 

• pharmacologic, 

• environmental, 

• occupational, 

• infectious: respiratory infections are the most common of the stimuli that evoke acute 
exacerbation of asthma. 

• exercise-related, and 

• emotional 

Differential Diagnosis of asthma (PI 51 1) 

The differentiation of asthma from other diseases associated with dyspnoea and wheezing is 
usually not difficult, particularly if the patient is seen during an acute episode. The physical 
findings, symptoms and the history of periodic attacks are quite characteristic. A personal and 
family history of allergic diseases such as eczema, rhinitis, or urticaria is valuable contributory 
evidence. An extremely common feature of asthma is nocturnal awakening with dyspnoea that 
its absence raises doubt about the diagnosis. 

Upper airway obstruction by tumor or laryngeal edema can occasionally be confused with 
asthma. Asthma-like symptoms have been described in patients with glottic dysfunction, 
endobronchial disease as foreign body, heart (left ventricular) failure, carcinoid tumor, and 
chronic bronchitis ....etc. In chronic bronchitis there are no true symptom-free periods, and one 
can usually obtain a history of chronic cough and sputum production as a background on which 
acute attacks of wheezing are superimposed. 

Annex I- McFadden Jr. E. R. Asthma. Section 2; Diseases of the Respiratory System: pages 
1508-1512. HARRISON'S PRINCIPLES OF INTERNAL MEDICINE. 16 th Edition (2005): 
1508-1516. Mc Graw-Hill. 
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Detailed Appeal / Second 

Claim 25 in relation to "A pharmaceutical composition consisting essentially of 
glycophosphopeptical for oral administration for the treatment of allergy" 

Claim 25 reads as "A pharmaceutical composition consisting essentially of 
glycophosphopeptical for oral administration for the treatment of allergy and asthma ....etc", I 
am arguing that the pharmaceutical composition for the treatment of "allergy" as a group of 
diseases referred to separately in the patent application, under description of the invention, with 
enabelment and previous clarification in my reply to the Office Action filed on Aug 2004 with 
X-ray films clarifying its unique outcome of early clinical testing , and will be detailed later, 
have been forgotten and overlooked. May I kindly request the a llowance of this claimed 
invention. 

Please find my Reply filed Aug 2004, particularly page 2B last paragraph "Current allergic 
rhinitis medications till page 6B. 

I will also include in the mail copy of this Response and Appeal additional updated references 
related to the same subject. 

Other points raised by the Examiner in this Office Action 
Election/Restriction 

1. Applicant's election with traverse Group I in the reply filed on Aug 4, 2004 is acknowledged. 

2. Claims 28-34 are withdrawn as being withdrawn to a non elected invention: 
Reply: Agree 

Information Disclosure Statement 

3. The listing or citing of references in applicant's response is not a proper information 
disclosure statement. 

Applicant's Response Dated April 12, 2006 

4. Claims 25-34 are pending. Claims 28-34 are withdrawn from further consideration as being 
drawn on nonelected invention. An action on the merit of claims 25-27 is considered herein 
below. 

5. The rejection of claims 25-27 under 35 U. S. C. 102(b) as being anticipated by Sanchez 
Palacios A. et. AL is maintained for the reasons of record as set forth in the Office Action dated 
November 21, 2005. 



Thank you for your consideration 
The Inventor 
Nida Nassief 
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notomy (the Chamberlain procedure"). This approach involves either a 
right or left parasternal incision and dissection directly down to a mass 
or node that requires biopsy. 
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ASTHMA 

f. R. McFadden, Jr. 



Asthma is defined as a chronic inflammatory disease of airway s_that 
"is 'characterized by increased responsiveness of the tracheobronchial 
tree to a multiplicity of stimuli. It is manifested physiologically by a 
widespread narrowing of the air passages, which may be relieved spon- 
taneously or as a result of therapy, and clinically by paroxysms of 
dyspnea, cough, and wheezing. Asthma is an episodic disease, with 
acute "exacerbations interspersed with symptom~free~ periods. Typi- 
cally; most attackJafFshoft-lived, lasting minutesjo hours. ancTcliri- 
ically the patient seems to recover completely" after an attacjc: 
However, tftere can be a'phase in which tfie patient experiences some 
degree of airway obstruction daily. This phase can be mild, with or 
without superimposed severe episodes, or much more serious, with 
severe obstruction persisting for days or weeks; the latter condition is 
known as status asthmaticus. In unusual circumstances, acute episodes 
can cause death. 

PREVALENCE AND ETIOLOGY Asthma is a very common disease with im- 
mense social impact. The prevalence of asthma is rising in many parts 
of the world, but it is unclear whether this is due to an actual increase 
in incidence or merely to the fact that the size of the overall population 
is growing. It is estimated that 4 to 5% of the population of the United 
States is affected. Data from the Centers for Disease Control and Pre- 
vention suggest that 10 to 11 million persons had acute attacks in 1998, 
which resulted in 13.9 million outpatient visits, 2 million requests for 
urgent care, and 423.000 hospitalizations, with a total cost >S6 billion. 
The impact of the disease appears to fall more heavily on minorities 
and inner-city African-American and Hispanic persons. 

Bronchial asthma occurs at all ages but predominantly in early life. 
About one-half of cases develop before age 10. and another third occur 
before age 40. In childhood, there is a 2: 1 male/female preponderance, 
but the sex ratio equalizes by age 30. From an etiologic standpoint, 
asthma is a heterogeneous disease and genetic (atopic) and environ- 
mental factors, such as viruses, occupational exposures, and allergens, 
contribute to its initiation and continuance. 

Atopy is the single largest, risk. Jactor^Qr_me_„deyel.opmem. of 
asthma. Al/crgic asthma is often associated with a personal and/or 
family history of allergic diseases such as rhinitis, urticaria, and ec- 
zema; with positive wheal-and-fiare skin reactions to intradermal in- 
jection of extracts of airborne antigens; with increased levels of IgE 
in the serum; and/or with a positive response to provocation tests in- 
volving the inhalation of specific antigen. 

A significant fraction of patients with asthma present with no per- 
sonal or family history of allergy, with negative skin tests, and with 
normal serum levels of IgE. and therefore have disease that cannot be 
classified on the basis of currently defined immunologic mechanisms. 
These patients are said to have idiosyncratic asthma or nonawpic 
asthma. Many patients have disease that does not fit clearly into either 
of the preceding categories but instead falls into a mixed group with 



features of each. In general, asthma that has its onset in early life tends 
to have a strong allergic component, whereas asthma that develops late 
tends to be nonallergic or to have a mixed etiology. 

PATHOGENESIS (See also Chap. 298) Asthma results from a state of 
persistent subacute inflammation of the airways. Even in asympto- 
matic patients, the airways can be edematous and infiltrated with eo- 
sinophils, neutrophils, and lymphocytes, with or without an increase 
in the collagen content of the epithelial basement membrane. Overall, 
there is a generalized increase in cellularity associated with an elevated 
capillary density. There may also be glandular hypertrophy and de- 
nudation of the epithelium. These changes may persist despite treat- 
ment and often do not relate to the severity of the disease. 

The physiologic and clinical features of asthma derive from an 
interaction among the resident and infiltrating inflammatory cells in 
the airway surface epithelium, inflammatory mediators, and cytokines. 
The cells thought to play important parts in the inflammatory response 
are mast cells, eosinophils, lymphocytes, and airway epithelial ceils. 
The roles of neutrophils, macrophages, and other cellular constituents 
of the airways are less well denned. Each of the major cell types can 
contribute mediators and cytokines to initiate and amplify both acute, 
inflammation and the long-term pathologic changes described (Fi2. 
236-1). The mediators released produce an intense, immediate inflam- 
matory reaction involving bronchoconstriction, vascular congestion, 
edema formation, increased mucus production, and impaired muco- 
ciliary transport. This intense^rocal event can then be followed by a 
more chronic one. Other elaborated chemotactic factors (eosinophil 
and neutrophil chemotactic factors of anaphylaxis and leukotriene B.) 
also bring eosinophils, platelets, and polymorphonuclear leukocytes to 
the site of the reaction. The airway epithelium is both the target oi. 
and a contributor to. the inflammatory cascade. This tissue both am- 
plifies bronchoconstriction and promotes vasodilatation through vk 
release of the compounds shown in Fig. 236-2. 
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FIGURE 236-1 Cellular sources of inflammatory mediators zn6 ™f >r J r0 ~ m ?} 
fear. PAF, plaieiet-activatino factor; AHR, antihualuroniaase reaction. . 
in E Middlewn e: ai (eds): Aiiergu Principles and Practice, 5th ed. 3- 
199S, with permission.) 
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FIGURE 236-2 Inflammatory mediators derived from epitheiiai sources. NO, nitrous 
oxide; PGE ; , prostaglandin c } ; GM-C5F, granulocyte-macrophage colony-stimulating fac- 
tor; IL, interleukin; RANTtS, regulated on activation, T cell exoressed and secret^- 
EGF, epidermal growth factor; IGF, insulin-like growth factor; PDGF, platelet-derived 
orowth factor. [From PJ Barnes, in E Middieton st al (eds): Allergy Principle and 
Practice, 5th ed. St Louis, Mosby, iggB, with permission.] 



The eosin ophil appears to play an important pan in the infiltrative 
.comp onent. Interleukin (IL) 5 s timulates the release of these cells into 
*jj^rcuiation a " Q exlenc *s th eiTITurv^ ce j ls 
,m a rich source oneukofnines. and the granular proteins released 
. (major basic protein and eosinophilic cationic protein) and oxysen- 
derived free radicals are capable of destroying the airwav epithelium 
jwhich then is sloughed into the bronchial lumen in the form of Creola 
- - ;bodies. Besides resulting in a loss of barrier and secretory function 
,.:^r_such damage elicits the production of chemotactic cytokines leading 
•^to funher inflammation. In theory, it can also expose sensory nerve 
g^xendmgs. thus initiating neurogenic inflammatory pathways That in 
w^tum, could convert a primary local event into a' generalized reaction 
g^via a reflex mechanism. Although an important element in inflam- 
mation, the role that the eosinophil plays in establishing and main- 
^i^toinmg airway hyperresponsiveness is undergoing devaluation 
g^d-es using antibodies against IL-5 show a disassociation between 
^^^T T Physi ° i0gic evems foll °wing an antigen chal- 
mS*^T and u SpUtUm e osinophilia. The cytokine network pos- 
,nvolved ln ^rna is shown in Fig 236-3 

%S^aC^ ' Tr2 Cdls are P resent in increased numbers in asth- 

^^ZZ^° 6UC ^^ nQS SUCh aS IL " 4 that ™™ Amoral 
^^^i^responses. They also elaborate IL-5 with its effect on 

^balance be^nT TTt^ ^ may be related "> a " 

i^ons are not ye^aSal^ immUne res P onses > bm "™ condu- 



P^-'Ster S,0ERA l' 0KS A,th ° U " h *ere is little doubt that 
MHWc mechZ " g fami,lal component, the identification of the 

g^Sfiuidamemai T™* ""^-'ving the illness has proven difficult for such 
Wfi 0 ^ disease "u* '** ° f uniform a ^eement on the definition 
P^f 61 '^ modes of " e ' ' y '° define a sin § le Phenotvpe. non-Men- 
B$#vuonment a | J™*™"**. and an incomplete understanding of how 
Igtpandida.e .™ modifv § enetic expression. Screeninefcmilies 
al0 " e has Idemifi «d multiple chromosomal resions.that 
l^^nee fo/ /^gE levels, and airway hyperresponsiveness. 
life**. obCH " % ° f high tmal serum l ? E »evels and atopv 
Slf^ons scan, °? c u hromo somes 5q. 1 lq, and 12q in a number of 
M^nstratino ' 6 ' ed 'hroushout the world. Regions of the eenome 
K^ £ f 1 ysh 0 ; ev ™ f for linka S e w bronchial hyperreactivity also 
ISIIsl eni candiri,, 1,nka ge to elevated total serum leE levels 



t cand'H 1UJ Iinj _ 

Hhe ™«\ln^J tn&S CXist f0r s P ecific abnormalities in asthma 
5^ ' ,chr omos 0m WCre identified in the linkage studies. For ex- 
&^ 9 .and 1L-J3 r ^ q COntains c . vtok *ne clusters including IL-4. IL- 
^ er gic recen, re " ions on chromosome 5q also contain the 
lins re gbnsT ^ Iucoconicoid receptors. Chromosome 

■ l hat are important in antigen presentation and me- 
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diation of the inflammatory response. Chromosome 12q contains two 
genes that could influence atopy and airway hyperresponsiveness in- 
cludmg nunc ox ide synthase. 

^TIMUUTHATINCIT^ ASTHMA The stimuli that mcite acute episodes of 
d^l.nm can oe grouped into seven major categories: allereenic ohar ' 
mac _°!°ll^nvjronmentai; 6ccupationai; infeFtioul-exeFcisr-rilated" 
and emotional. - - - — — ~ 



Allergens Allergic asthma is dependent on an IgE response controlled 
^4„ a j££. 'vj [nphocytes wid activ-IteTby the interaction oTiHtiSeTT 
wjt^^n.boundTgE mojecuTeirTTIe-a™a7e^^ 
mucosa conta.n dendritic cells thafSa'pture and process antigen After 
taking up an immunogen f these cells migrate to the local lymph nodes 
where they present the material to T cell receptors, ln the appropriate 
genet.c setting, the interaction of antisen with a naive T cell T„0 in 
the presence of IL-4 leads to the differentiation of the cell to a T H ? 
subset. Th.s process not only helps facilitate the inflammation of 
asthma but also causes B lymphocytes to switch their antibody pro- 
duction from IgG and IgM to IgE. " 

Once synthesized and released by B cells. IgE circulates in the 
blood until it attaches to high-affinity receptors on mast cells and low- 
arfinity receptors on basophils. Most of the allereens that provoke 
asthma are airborne, and to induce a state of sensitivity thev must be 
reasonably abundant for considerable periods of time. Once sensiti- 
zation has occurred, however, the patient can exhibit exquisite re- 
sponsjvny, so that minute amounts of the offendina asent can produce 
significant exacerbations of the disease. Immune mechanisms appear 
to be causally related to the development of asthma in 25 to 35% of 

nil rv » c <=> c 'i i-i A u~ ■■■■nil - •' . - _ _ 
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FIGURE 236-3 Cytokine network in allergic asthma. IL, interleukin- GM-rs? oran- 
ulocuts-macrophage colonu-stimulating factor; RANTES, reaulaied on activation' f c»H 
expresseo ana secreted; TNF, tumor necrosis factor; SC^stem cell factor [From PJ 
Barnes, m E Middieion ei al (eds): Allergy Principles and Practice, Sth ed S^Z" 
Mosby, 1998, with permission.} Jh ' 
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alences have been suggested, but it is difficult to know how to interpret 
the data because of confounding factors. Allergic asthma is frequently 
seasonal, and it is most often observed in children and voun" adults 
A nonseasonal form may result from allergv to feathers, animal dan- 
ders, dust mites, molds, and other environmental antieens that are 
presenr continuously. Exposure to antigen typically produces an im- 
mediate response in which airway obstruction develops in minutes and 
then resolves. In 30 to 50% of patients, a second wave of broncho- 
constricnon, the so-called late reaction, develops 6 to 10 h later In a 
minority, only a late reaction occurs. It was formerlv thoueht that the 
late reaction was essential to the development of the increase in airway 
reactivity that follows antigen exposure. This is now known not to be 
the case. 

The mechanism by which an inhaled allergen provokes an acute 
episode of asthma depends in part on antigen-antibody interactions on 
the surface of pulmonary mast cells, with the subsequent seneration 
and release of the mediators of immediate hypersensitivity Current 
hypotheses hold that very small antigenic panicles penetrate the Juno's 
defenses and come in contact with mast cells that interdigitate with 
the epithelium at the luminal surface of the central airways The sub- 
sequent elaboration of mediators and cytokines then produces the se- 
quence outlined above. 



Pharmacologic Stimuli The drugs most commonly associated with the 
induction of acute episodes of asthma are aspirin, coloring agents such 
as tartrazine, 0-adrenergic antagonists, and sulfiting agents. It is im- 
portant to recognize drug-induced bronchial narrowing because its 
presence is often associated with great morbidity. Furthermore, death 
sometimes has followed the ingestion of aspirin (or other nonsteroidal 
antiinflammatory agents) or ^-adrenergic antagonists. The typical as- 
pinn-sensmve respiratory syndrome primarily affects adults, althou-h 
the condition may occur in childhood. This problem usually be-ins 
with perennial vasomotor rhinitis that is followed by a hyperplastic 
rhmosinusitis with nasal polyps. Progressive asthma then appears On 
exposure to even very small quantities of aspirin, affected individuals 
typically develop ocular and nasal congestion and acute, often severe 
episodes of airways obstruction. 

The prevalence of aspirin sensitivity in patients with asthma varies 
from study to study, but many authorit.es feel that 1 0% is a reasonable 
figure. There is a: great deal of cross-reactivity between aspirin and 
o her nonsteroidal anti-inflammatory compounds that inhibit prosta- 
glandin G/H synthase 1 (cyclooxygenase type 1). Indomethacin. fen- 
oprofen, naproxen, zomepirac sodium, ibuprofen. mefenamic acid and 
phenylbutazone are particularly important in this reeard. However 
acetaminophen, sodium salicylate, choline salicylate: salicvlamide' 
and propoxyphene are well tolerated. The exact frequency of cros*- 
reacnv.ty to tartrazine and other dyes in aspirin-sensitive individuals 
with asthma is also controversial; again, 10% is the commonlv ac- 
cepted figure. Th.s peculiar complication of aspirin-sensitive asthma 
pamcularly ms.dious, however, in that tartrazine and other poten- 
tially troublesome dyes are widely present in the environment and mav 
be unknowingly ingested by sensitive patients. 

Pauents with aspirin sensitivity can be desensitized by daily ad- 
mtmstrauon of the drug. After this form of therapy, cro^tolerance 
also develops to other nonsteroidal anti-inflammatory asents. The 
mechamsm by which aspirin and other such drugs product broncho- 
spasm appears to be a chronic overexertion of cysteinyl leukotrienes. 
wh ch , activate mast cells. The adverse reaction to aspirin can be in- 
taeomstr "* ° f ' eukotriene blockers or receptor an- 

ua lfwth re T SiC anIagonists re g ular 'y ^struct the airways in individ- 
uals ^th asthma as well as in others with heightened airwav reactivity 
™°h b ?. aVoided bv such individuals. Even the selective beta 
d ^ents have this propensity, particularly at higher doses. In fact the 
local use of beta, blockers in the eye for the treatment of elauc'oma ' 
has been associated with worsenina asthma 



Sulfiting agents, such as potassium metabisulhte. potassium anJ 
sodium bisulfite, sodium sulfite, and sulfur dioxide, which are wiri^ 
used , n the food and pharmaceutical industries as saniiizin* and „ , 
serving agents, can also produce acute airway obstruction in senshT 
individuals. Exposure usually follows ingestion of food or beverl 
containing these compounds, e.g.. salads, fresh fruit, potatoes shf.? 
fish, and wine. Exacerbation of asthma has been reported after the 7 
of sulfite-containing topical ophthalmic solutions, intravenous o|„ 
conicoids, and some inhalational bronchodilator solutions The i 
dence and mechanism of action of this phenomenon are unknown' 
When suspected, the diagnosis can be confirmed by either oral or! 
halauonal provocations. " ,n " 

Environment and Air Pollution (See also Chap. 238) Environmental 
causes of asthma are usually related to climatic conditions that prom'' 
the concentration of atmospheric pollutants and antigens These 
ditions tend to develop in heavily industrial or densely" populated urb™ 
areas and are frequently associated with thermal inversions or oth-r 
situations creating stagnant air masses. In these circumstances ti 
though the general population can develop respiratory symptoms V 
bents with asthma and other respiratory diseases tend to be more 
severely affected. The air pollutants known to have this effect are 
ozone, nitrogen dioxide, and sulfur dioxide. All produce greater effect, 
during periods of high ventilation. In some reeions of North America 
seasonal concentrations of airborne antigens such as pollen can rise 
high enough to result in epidemics of asthma admissions to hospitals 
and an increase in the death rate. These events may be ameliorated bv 
treating patients prophylactically with ami-inflammatory dru°s before 
the allergy season begins. 

Occupational Factors (See also Chap. 238) Occupation-related asthma 
is a signincant health problem, and acute and chronic airway obstruc- 
uon have been reported to follow exposure to a large number of com- 
pounds used in many types of industrial processes. In general the 
agents can be classified into high-molecular-weiaht compounds which 
are believed to induce asthma through immunoloeic mechanisms, and 
low-molecular-weight agents, which serve as haptines or can release 
bronchoconstnetor substances. High-molecular-weight compounds of 
importance are wood and vegetable dusrs (e.a.. those of oak, srain, 
flour, castor bean, green coffee bean, mako, sum acacia, karav."eum. 
and tragacanth), pharmaceutical agents (e.g.. antibiotics, piperazine. 
and cimetidine), biologic enzymes (e.g., laundry detergents, pancreatic 
enzymes, and Bacillus subtilis). and animal and insect dusts, serums, 
and secretions (e.g., laboratory animals, chickens, crabs, prawns, oys- 
ters, flys, bees, and moths). Troublesome low-molecular-weight com- 
pounds are metal salts (e.g., platinum, chrome, vanadium, and nickel) ... 
and industrial chemicals and plasties (e.g.. toluene diisocyanaie. 
phthalic acid anhydride, trimellitic anhydride, persulfates. ethyiene- 
diamine, p-phenylenediamine, western red cedar, azidrocarbonamide. 
and various dyes). Formaldehyde and urea formaldehyde also fall into 
this group. It is important to recognize that exposure to sensitizing 
chemicals, particularly those used in paints, solvents, and plastics, can 
also occur during leisure or non-work-related activities. 

If the occupational agent causes an immediate or dual immunologic 
reaction, the history is similar to that which occurs with exposure to j 
other antigens. Often, however, patients will gi ve a characteristic eye- ^ 
lie history: "They are" well when they amvelu work, and symplO' 115 -" : 
develop toward the end of the shift, progress after the work site is 'e ft - ' ' 
and then regress. Absence from work during weekends or vacations 
brings about remission. Frequently, there are similar symptoms in f el- 
low employees. 

Infections R espirat ory infections are_the_most_common of the stimul' 
that evok e acute e xacerbations of as.thma. Respiratory viruses and 
bacteria or allergy to microorganisms are the major etiologic facw>»-.-_. 
In young children, the most impo rtant infectious asents arerespiraW£ _ 
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syncytia] virus and parainfluenza virus. In oTdeTchildren and a 
rhinoyjr us and influenza virus predo minate as pathogens. SimP Ie 
onizati6n oi the tracheobronchial tree is insufficient to evok6 ^en* 
episodes of bronchospasm. and attacks of asthma occur only 1 ^ 
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.> svnl pioins of an ongoing respiratory tract infection are. or have been, 
present. Viral infections can actively and chronically destabilize 
tsthma. and they are perhaps the only stimuli that can produce constant 
svmptoms for weeks. The mechanism by which viruses induce exac- 
erbations of asthma may be related to the production of T cell— derived 
cytokines that potentiate the infiltration of inflammatory cells into al- 
ready susceptible airways. 

Exercise Exercise is a very common precipitant of acute episodes of 
asthma. This stimulus differs from other naturally occurring provo- 
cations, such as antigens, viral infections, and air pollutants, in that it 
does not evoke any long-term sequelae, nor does it increase airway 
reactivity. Typically the attacks follow exertion and do not occur dur- 
in° it- The critical variables that determine the severity of the postex- 
ertional airway obstruction are the levels of ventilation achieved and 
the temperature and humidity of the inspired air. The higher the ven- 
tilation and the lower the heat content of the air, the greater the re- 
sponse. For the same inspired air conditions, running produces a more 
"severe attack of asthma than walking because of its greater ventilatory 
cost. Conversely, for a given task, the inhalation of cold air markedly 
enhances the response, while warm, humid air blunts or abolishes it. 
Consequently- activities such as ice hockey, cross-country skiing, and 
ice skating (high ventilations of cold air) are more provocative than is 
swimming in an indoor, heated pool (relatively low ventilation of hu- 
mid air). The mechanism by which exercise produces obstruction may 
be related to a thermally produced hyperemia and capillary leakage in 
the airway wall. 

Emotional Stress Psychological factors can worsen or ameliorate 
asthma. Changes in airway caliber seem to be mediated through mod- 
ification of vagal efferent activity, but endorphins may also play a role. 
The extent to which psychological factors participate in the induction 
and/or continuation of any given acute exacerbation is not established 
but probably varies from patient to patient and in the same patient 
from episode to episode. 

PATHOLOGY In a patient who has died of acute asthma, the most strik- 
ing feature of the lungs at necropsy is their gross overdistention and 
failure to collapse when the pleural cavities are opened. When the 
lungs are cut, numerous gelatinous plugs of exudate are found in most 
of the bronchial branches down to the terminal bronchioles. Histologic 
examination shows hypertrophy of the bronchial smooth muscle, hy- 
perplasia of mucosal and submucosal vessels, mucosal edema, denu- 
dation of the surface epithelium, pronounced thickening of the 
, basement membrane, and eosinophilic infiltrates in the bronchial wall. 
; . , There is an absence of any of the well-recognized forms of destructive 
V ei mphysema. 

^ I PATHOPHYSIOLOGY The pathophysiologic hallmark of asthma is a re- 
uction in airway diameter brought about by contraction of smooth 
™ u ^, vascular congestion, edema of the bronchial wall, and thick, 
i \. " acious se cretions. The net result is an increase in airway resistance, 
of e , C ^ ease in forc ed expiratory volumes and flow rates, hyperinflation 
jp£ me lun £s and thorax, increased work of breathing, alterations in 
K ' ' buti 11 ^ 10 ^ musc!e function ; changes in elastic recoil, abnormal distri- 
S&i! rai' 10n °^ otn ven tilation and pulmonary blood flow with mismatched 
c' L ® v -asth° S ' altered arterial blood gas concentrations. Thus, although 
|p:;r aspect ^ COnsidered 10 be primarily a disease of airways, virtually all 
^^■■'■lack^n ° f P ulmonar y function are compromised during an acute at- 
te^^ocard"^^- 11, ™ VCry svrn P tornatic patients there.frequently .is elec- 
i^f|;pul mt) 10 £ ra P n it". evidence of right ventricular hypertrophy and 
Wfi'Torced nary hypertension - When a patient presents for therapy, the 1-s 
Sp> typi c e a ^ Plratori ' v oiurne (FEV,) or peak expiratory flow rate (PEFR) 
"hanic$ * V or " predicted. In keeping with the alterations in me- 

pift^ itsi(i Ua i' tne assoc iated air trapping is substantial. In acutely ill patients, 
|ft^onal re V H frec J uentl >' approaches 400% of normal, while func- 
lpfe%p^ 31 Ca P acit y doubles. 

liflP^tilatorv f S 2 Universal finding during acute exacerbations, but frank 
ilte^ % ofV ai ^ Ure * s relatively uncommon, being observed in 10 to 
jll^v- ' lenis Presenting for therapy. Most individuals with asthma 
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have hypocapnia and a respiratory alkalosis. In acutely ill patients, the 
finding of a normal arterial carbon dioxide tension tends to be asso- 
ciated with quite severe levels of obstruction. Consequently, when 
found in a symptomatic individual, it should be viewed as representing 
impending respiratory failure, and the patient should be treated ac- 
cordingly. Equally, the presence of metabolic acidosis in the setting 
of acute asthma signifies severe obstruction. Cyanosis is a verv late 
sign. Trying to judge the state of an acutely ill patient's ventilatory 
status on clinical grounds alone can be extremely hazardous, and clin- 
ical indicators should not be relied on with any confidence. Therefore, 
in patients with suspected alveolar hypoventilation, arterial blood gas 
tensions must be measured. 

CLINICAL FEATU R E5 The symptoms of asthma co nsist of a triad of dysp- 
nea, cough, and wheezing, the last often bjijn^reg^rded ^jjie. sine \S 
qua non. In its most typical formT^'trTree symptoms coexist. At the 
onset of an attack, patients experience a sense of constriction in the 
chest, often with a nonproductive cough. Respiration becomes audibly 
harsh: wheezing in both phases of respiranorT becomes prominent: Ex- 
piration become s prolonged; and patients frequently have tachypnea, 
tachycardia,"and mildlfysTBTic hypertension. The lungs rapidly become 
overinflated. and the anteroposterior diameter of the thorax increases. 
If the attack is severe or prolonged, there may be a loss of adventitial 
breath sounds, and wheezing becomes very high pitched. Furthermore, 
the accessor)' muscles become visibly active, and a paradoxical pulse 
often develops. These two signs are extremely valuable in indicating 
the severity of the obstruction. In the presence of either, pulmonary 
function tends to be significantly more impaired than in their absence. 
It is important to note that the development of a paradoxical pulse 
depends on the generation of large negative intrathoracic pressures. 
Thus, if the patient's breathing is shallow, this sign and/or the use of 
accessor}' muscles could be absent even though obstruction is quite 
severe. The other signs and symptoms of asthma only imperfectly 
reflect the physiologic alterations that are present. Indeed, if the dis- 
appearance of subjective complaints or even of wheezing is used as 
the end point at which therapy for an acute attack is terminated, an 
enormous reservoir of residual disease will be missed. 

The end of an episode js frequently marked by a cough that pro- 
duces thick, strin gy mucus, which often takes the form of casts of the 
distal airways "(Curschlxlamrs spirals) and, when examin ed micro r 
scopically, often shows eosinophils and Charcoi-Leyden crystals. In 
extreme situations, wheezing may lessen markedly or even disappear, 
cough may become extremely ineffective, and the patient may begin 
a gasping type of respiratory pattern. These findings imply extensive 
mucus plugging and impending suffocation. Ventilatory assistance by 
mechanical means may be required. Atelectasis due to inspissated se- 
cretions occasionally occurs with asthmatic attacks. Spontaneous 
pneumothorax and/or pneumomediastinum occur but are rare. 

Less typically, a patient with asthma may complain of intermittent 
episodes of nonproductive cough or exertional dyspnea. Unlike other 
individuals with asthma, when these patients are examined during 
symptomatic periods, they tend to have normal breath sounds but may 
wheeze after repeated forced exhalations and/or may show ventilatory 
impairments when tested in the laboratory. In the absence of both these 
signs, a bronchoprovocation test may be required to make the diag- 
nosis. 



DIF FERENTIAL DIAGNOSIS The differentiation of asthma from other dis- 
eases associated with dyspnea and wheezin g is usually not difficult, 
particularly if the patient is seen during an acute episode. The ph ysical 
findings and symptoms listed above and the history of periodic attacks 
are quite characteristic. A personal or family history of allergic dis- 
eases su ch as eczema, rhinitis, or urticaria is valuable contributory 
evidence. An extremely common feature of asthma is nocturnal awak- 



ening with dyspnea and/or wheezing7in fact, this phenomenon is so 
prevalent that its absence raises doubt about the diagnosis. 

Upper airway obstruction by tumor or laryngeal edema can occa- 
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FIGURE 236-4 Rppr-sentative examoles of glottic dysfunction in four patients. The left-hand panels show 
normal The riant-hand paneis(green) represent the development of glome ays un tion 

to xe?cis halena-s (oreen). Note "the vanable waveforms that can exist. When the patients f^cksenaed 
?he post ?LaZn flow-Volume curves returned to normal. V E( ventilation; L/s, liters/second; V, L, lung volume 
in liters. 



they sometimes wheeze. Lung scans may not be 
diagnostic because of the v entilaiion-perfu s j 0n 
abnormalities characteristic of asthma, and pu } 
monary angiography may be necessary t 0 esiah 
lish the correct diagnosis. 

Eosinophilic pneum onias (Chap. 237) are of- 
ten "assoc i atefl~w i trTasth man c symptoms, as are 
various chemical pneumonias and exposures io 
insecticides and cholinergic drugs. Broncho- 
spasm is occasionally a manifestation of systemic 
vasculitis with pulmonary involvement. 

; DIAGNOSIS The diagnosis of asthma is estab- 
lished by demonstrating reversible airwav ob- 
struction. Reversibility is traditionally defined as 
a > 15% increase in FEV! after two puffs of a 0- 
adrenergic agonist. When the spirometry results 
are normal at presentation, the diagnosis can be 
made by showing heightened airway responsive- 
ness to challenges with histamine, methacholine, 
or isocapnic hyperventilation of cold air. Once 
the diagnosis is confirmed, the course of the ill- 
ness and the effectiveness of therapy can be fol- 
lowed by measuring PEFRs at home and/or the 
rev, in the office or laboratory. Positive wheal- 
and-flare reactions to skin tests can be demon- 
strated to various allergens, but such findings do 
not necessarily correlate with the intrapulmonary 
events. Sputum and blood eosinophilia and meas- 
urement of serum lgE levels are also helpful but 
are not specific for asthma. Chest roentgenograms 
showing hyperinflation are also nondiagnostic. 
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sionally be confused with asthma. Typically, a patient with such a 
condition will present with stridor, and the harsh respiratory sounds 
can be localized to the area of the trachea. Representative flow-vol- 
ume curves are shown in Fig. 236-4. Diffuse wheezing throughout 
both luns fields is usually absent. However, differentiation can some- 
times bedifncult. and indirect laryngoscopy or bronchoscopy may be 
required. Asthma-like sym ptoms have been des cribed in patients with 
alottic dvsfunction. These individuals narrowTBeirglottis during in- 
spiration and expiration, producing episodic attacks of severe airway 
obstruction- Occasionally, carbon dioxide retention develops. How- 
ever, unlike in asthma, the arterial oxygen tension is well preserved, 
and the alveolar-arterial gradient for oxygen narrows dunng the epi- 
sode, instead of widening as with lower airway obstruction. To estab- 
lish the diagnosis of glottic dysfunction, the glottis should be examined 
when the patient is symptomatic. Normal findings at such a time ex- 
clude the diagnosis;' normal findings during asymptomatic periods 

do not. . . 

Persistent wheezing localized to one area of the chest in association 
wit h paroxysms - of cd%hjn]nnTic^ as 
ToTeTin-boEv aspiration, a neoplasm, or bronchial stenosis. 

The si 2ns and svmptoms_of gcj^^gft- venf/-/c»/gr-/flt/^^ -occasionr-- 
allv "mimic asthma, "but the findings of moist basilar rales, gallop 
rhythms, blood-tinged sputum, and other signs of heart failure (Chap. 
216) allow the appropriate diagnosis to be reached. 

Recurrent episod es of bron chospasm can occur with carcinoidju- 
fflor5~ (Chap~~'329r recurrent "pulmonary [emboli (Chap. 244), and 
' chronic bronMtisjChBp. 242). In chronic bronchitis there are nojxue 
symptom-free periods, and one can usually obtain a mstory of chronic 
couah and sputiJm production as a background on which acuteattacks 
BTw EeezinV are supe rimposed. Recurrent emboli can be very difficult 
to separate' from "asThma. Frequently, patients with this condition 
present with episodes of breathlessness, particularly on exemon, and 
1512 



Elimination of the causative agent(s) from the en- 
vironment of an allergic individual with asthma 
is the most successful means available for treating this condition (for 
details on avoidance, see Chap. 298). Desensitization or immunother- 
apy with extracts of the suspected allergens has enjoyed widespread 
favor, but controlled studies are limited and have not proved to oe 
highly effective. 

DRUG TREATMENT The available agents for treating asthma can be di- 
vided into two general categories: drugs that inhibit smooA-muscL 
contraction, i.e.fthe so-called -quick relief medications"' C^"^ 
aeonists. methylxanthines, and anticholinergics) and agents mat pre 
vent and/or reverse inflammation, i.e.. the "long-term control mea 
cations^ (glucocorticoids, long-acting ft-agomsts c«nb. 
medications, mast cell-stabilizing agents, leukotnene modifiers, 
methylxanthines (Table 236-1). 

Quick Relief Medications * ADRENERGIC SUM U LA f ITS The drugs in this* 
eeorv consist of the catecholamines, resorcinols, and saligenm ^ 
aeents produce airway dilation through stimulation ot ^ of 
receptors and activation of G proteins with the resultant ™ se 
evehc adenosine monophosphate (AMP). They also 
of mediators and improve mucociliary transport. The cate ^ 9Q 
.(epinephrine isoproterenol, and isoetharine) are short-ac 
min) and are effective only when administered by ™™ [ ™™ aCtin g 
enteral routes. Their use has been superceded by the io * ^ 
selective ^-agonists terbutaline, fenoterol (a resorsinol), anu ^ ftf 
(a salisenin). The resorsinols and saligemns are s diaC c f- 

the respirator tract and are virtually devoid of signincam 
fects except at high doses. . r0UteS of 

Their major side effect is tremor. They are active b> d icm is 
administration and are relatively long-lasting (4 to 6 h). i ^ 
the preferred route because it allows maximal broncn 00 ven0 us 
fewer side effects. In treating episodes of severe asthma, 
administration offers no advantages over the inhaled rou ~ 
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water occurs as a consequence of the elevation of systemic venous and 
capillary pressures and the resultant transudation of fluid into the pul- 
monary or systemic interstitial space. On the other hand, proponents 
of the forward HF hypothesis maintain that the clinical manifestations 
of HF result directly from an inadequate discharge of blood into the 
arterial system. According to this concept, salt and water retention is 
a consequence of diminished renal perfusion and excessive proximal 
and distal tubular reabsorption of sodium, the latter through activation 
of the renin-angiotensin-aldosterone system (RAAS) (Chap. 32). 

The rate of onset of HF often influences the clinical manifestations. 
For example, when a large portion of the left ventricle is suddenly 
destroyed, as in myocardial infarction, the patient may succumb to 
acute pulmonary edema, a manifestation of backward failure. If the 
patient survives the acute insult, clinical manifestations resulting from 
a chronically depressed cardiac output, including the abnormal reten- 
tion of fluid within the systemic vascular bed, may develop, which is 
a manifestation of forward failure. 

SALT AND WATER RETENTION (See also Chap. 32) When the volume of 
blood pumped by the left ventricle into the systemic vascular bed is 
reduced, a complex sequence of adjustments occurs that ultimately 
results in the abnormal accumulation of fluid. This may be considered 
a two-edged sword. Many of the troubling clinical manifestations of 
HF, such as pulmonary congestion and edema, are secondary to this 
excessive retention of fluid (see Fig. 32-1). However, this abnormal 
fluid accumulation and the expansion of blood volume that accom- 
panies it also constitute an important compensator)' mechanism that 
tends to maintain cardiac output and therefore perfusion of the vital 
organs. Except in the terminal stages of HF, the ventricle operates on 
an ascending, albeit depressed and flattened, function curve (see Fig. 
215-5), and the augmented ventricular end-diastolic volume charac- 
teristic of HF must.be regarded as helping to maintain the reduced 
cardiac output, despite causing pulmonary and/or systemic venous 
congestion. 

CLINICAL MANIFESTATIONS OF HEART FAILURE 

RESPIRATORY DISTURBANCES E Dyspnea (Chap. 29) In early HF, dysp- 
nea is observed only during exertion, when it may simply represent 
an aggravation of the breathlessness that occurs normally. As HF ad- 
vances, dyspnea occurs with progressively less strenuous activity and 
ultimately it is present even at rest. The principal difference between 
exertional dyspnea in normal persons and in patients with HF is the 
degree of exertion necessary to induce this symptom. Cardiac dyspnea 
is observed most frequently in patients with elevations of pulmonary 
venous and capillary pressures who have engorged pulmonary vessels 
and interstitial accumulation of interstitial fluid. The activation of re- 
ceptors in the lungs results in the rapid, shallow breathing character- 
istic of cardiac dyspnea. The oxygen cost of breathing is increased by 
the excessive work of the respiratory muscles required to move air into 
and out of the congested lungs. This is coupled with the diminished 
• delivery of oxygen to these muscles, a consequence of a reduced car- 
diac output. This imbalance may contribute to fatigue of the respiratory - 
muscles and the sensation of shortness of breath. 

Orthopnea This symptom, i.e., dyspnea in the recumbent position, is 
usually a later manifestation of HF than exertional dyspnea. Orthopnea 
results from the redistribution of fluid from the abdomen and lower 
extremities into the chest during recumbency, which increases the pul- 
monary capillary pressure, combined with elevation of the diaphragm. 
Patients with orthopnea must elevate their head on several pillows at 
night and frequently awaken short of breath and/or coughing if their 
head slips off the pillows. Orthopnea is usually relieved by sitting 
upright, and some patients report that they find relief from sitting in 
front of an open window. In advanced HF, patients cannot lie down 
at all and must spend the entire night in a sitting position. 
Paroxysmal (Nocturnal) Dyspnea This term refers to attacks of severe 
shortness of breath and coughing that generally occur ai night, usually 



awaken the patient from sleep, and may be quite frightening. Though 
simple orthopnea may be relieved by sitting upright at the side of the 
bed with legs dependent, in the patient with paroxysmal nocturnal 
dyspnea, coughing and wheezing often persist even in this position 
Paroxysmal nocturnal dyspnea may be caused in part by the depression 
of the respiratory center during sleep, which may reduce ventilation 
sufficiently to lower arterial oxygen tension, particularly in patients 
with interstitial lung edema and reduced pulmonary compliance. Car- 
diac asthma is closely related to paroxysmal nocturnal dyspn eTan dT" 
nTJcuirnaT^oIigl^ 

^Hospasm^lr^^ (Chaps. 
~29*ancl*255)"is a severe form of cardiac asthma due to marked elevation 
of pulmonary capillary pressure leading to alveolar edema, associated 
with extreme shortness of breath, rales over the lung fields, and the 
expectoration of blood -tinged fluid. If not treated promptly, acute pul- 
monary edema may be fatal. 

Cheyne-Stokes Respiration Also known as periodic respiration or cyclic 
respiration, Cheyne-Stokes respiration is characterized by diminished 
sensitivity of the respiratory center to arterial P co ,. There is an apneic 
phase, during which the arterial P G2 falls and the arterial 
These changes in the arterial blood stimulate the depressed respirators' 
center, resulting in hyperventilation and hypocapnia, followed in turn 
by recurrence of apnea. Cheyne-Stokes respiration occurs most often 
in patients with cerebral atherosclerosis and other cerebral lesions, but 
the prolongation of the circulation time from the lung to the brain that 
occurs in HF, particularly in patients with hypertension and coronary 
artery disease, also appears to contribute to this form of disordered 
breathing. 

OTHER SYMPTOMS E Fatigue and Weakness These nonspecific but com- 
mon symptoms of HF are related to the reduction of skeletal muscle 
perfusion. Exercise capacity is reduced by the limited ability of the 
failing heart to increase its output and deliver oxygen to the exercising 
muscles. 

Abdominal Symptoms Anorexia and nausea associated with abdominal 
pain and fullness are frequent complaints and may be related to the . 
congested liver and portal venous system. 

Cerebral Symptoms Patients with severe HF, particularly elderly pa- 
tients with cerebral arteriosclerosis, reduced cerebral perfusion, and 
arterial hypoxemia, may develop alterations in the mental state char- 
acterized by confusion, difficulty, in concentration, impairment ol 
memory, headache, insomnia, angUnxiety. Nocturia is common m H „^ 
and may contribute to insomnia. 

PHYSICAL FINDINGS (See Chap. 209) In mild or moderately ssv ^^ ||| 
the patient appears in no distress at rest except feeling uncomfo 
when lving flat for more than a few minutes. In severe HF, the p ■ 
" stroke volume.-^ - 



consequence /|! 



pressure may be diminished, reflecting a reduction in : 
and the diastolic arterial pressure may be elevated as a n .. ; ^^ 
of generalized vasoconstriction. In severe acute HF, systolic yP ^-ggt 
sion may be present, with cool, diaphoretic extremities, and ^ ^|||g 
Stokes respiration. There may be cyanosis of the lips and nai ^^gg 
(Chap. 31") and sinus ■t^chvcardia-Systemic -venous -pr^sutcl ■ - 



abnormally elevated, and this may be reflected in distentio ^ 
jugular veins. In the early stages of HF, the venous pressure^^^g 
normal at rest but may become abnormally elevated, with s . ^J||| | 
the abdomen (positive abdominojugular reflux). _ ;fic ^#; 



pressure on 



Third and fourth heart sounds are often audible but are - on bf^ 

" ' * a regular rhythm with alie ^ n in the i^^ 



for HF, and pulsus alternans, i.e., a rcguiai mpun in n* ; ^PWp 

strong and weak cardiac contractions and therefore alterna 
strength of the peripheral pulses, may be present, mis * ~ eve ^c3s£ """ 
HF may be detected by sphygmomanometry and in more ^ obser ye| 
even by palpation; it frequently follows an extrasy stole an Qr ;fe 
most commonly in patients with cardiomyopathy, hyp£rt e 
chemic heart disease. ^ ^ 

Pulmonary Rales Moist, inspiratory, crepitant rales and d ^ ] ^ 
cussion over the lung bases are common in patients wi -,z& 
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Bronchiolitis 

CAROLINE BREESE HALL 
JOHN T. McBRIDE 

In bronchiolitis we must now contend 

with both the disease of the "now" and the "then"; 

For many such infants a mold lias been cast, 

perhaps by their unborn and unknown past, 

which destines that they shall in time wheeze again. 

For them this disease 

is the distant, boding knell 

of vulnerable lungs 

to a microbe 's mystic spell. 



C.B.H. 



Bronchiolitis is an a cute viral lower respirator)' tract illness that oc- 
curs during the hrst T^ears of life, 'lhe illness also has been called 
"wheezv bronchitis' " and _"asthmanc'bronchitis." Whatever term is ap; 
plied. the syndrome is caused primarily by viral infections. Thejchaj; 
actenstic clinical manifestati on s^ include an_acute onset of wheezing. 
aFd"l^rinfirtion; most commonly associated with cough, rhinor- 
fheartachypnea~"an"dT distress. 

* The ter m bronchiolitis appears to have been b orn from a longjineage 
ofconfusirTg sobriquets, including "a cute cat^aj'broncruus " "mterstiual 
bronchopneurnohia^ ^ or obs ^ aC '. 

rive broncMohtis J v _a^^tipiatic broricMius;' 1 BVoncmolius^however, 
"fldltbTbecome recognized as a distinct entity until the 1940s. 1 ' 5 

ETIOLOGY „ 

_ Althpush bronchiolitis was initially thought to be caused by bacteria, 
" "virusefand occasionally Mycoplasma pneumoniae are now-Known-ta_^ 
be the instigators. Respiratory syncytial virus (RSV) is clearly the ma- 
jor pathogen, and tne par ainfluenza viruses are jhejecgn^jgog? ^conv: 
monlv isolated a gents , with parainfluenza type 3 predominating (laD 
60-1 "and Fig. ~60-l)> s The recently discovered human metapneu- 
movirus also^produces bronchiolitis and appears to have^ clinical an ^ 
epidemiologic characteristics similar to those of RSV. 9 12 The roie 
human metapneumovirus in causing respiratory illness in young c 

dren awaits further study, but informationjhusjar suggests itscon 

buti on ma v be appreciable but secondary^ that of RSV. 
^Hon^term' study of respiratory illnesses associated with w 
ine in children from a private practice in Chapel Hill. North Car 
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Agent,- -.' .v i 

Respiratoiy syncytial 
virus 

Parainfluenza viruses 

Type 3 S-15 

Type] 5. 12 

Type 2 ]_5 

Rhinoviruses 3-g 

Adenoviruses 3-]0 

Influenza viruses 6-8 

Mycoplasma J . 7 

pneumoniae 

Enteroviruses ] -5 

Human Unknown 
metapneumovirus 



Epidemiologic Occurrence 
Yearly epidemics, winter to spring 

Predominantly spring to fall 
Epidemics in fall every other year 
Fail 

Endemic, all seasons 
Endemic, all seasons 
Endemic, winter to spring 
Endemic, all seasons 

Summer to fall 

Predominately winter in some areas 



whether the cases occur as part of an outbreak. However. RSV remains 
the prime identified cause of bronchiolitis m most ambulatory pariem* 
and especially m hospitalized cases, and even in all lower respirator^ 
tract admissions of young infants. 1 -" J ' 7 



EPIDEMIOLOGY 



showed that RSV parainfluenza 1 and 3 viruses, adenoviruses rhi- 
noviruses and M. pneumoniae make up 87% of the isolates obtained 
from children of all ages. Within the first 2 years of life RSV ac- 
counted for 44% of the isolaTes, with pandnTIueiS^^ and 
adenoviruses each accounting for about 13%. Similarly RSV consti- 
tuted 60% of the isolates obtained from children with bronchiolitis 
from two group practices in Rochester. New York, over an 1 1 -year pe 
nod. 13 The second most frequently identified agent was parainfluenza 
j virus, which accounted for 12% of the cases. The relative propor- 
tions of these agents may change depending on the population and 



20a 



Bronchiolitis shows a definite seasonal pattern in temperate climates 
7 \w " PSUFge in the number of cases d "rmg winter to early 
T'Jn Vw hlS pattCrn mirr0rs that of its P rime asent, RSV (see 
Hg. 60-1 ). Lesser swells of activity are seen during the foil and sprin- 
wnen parainfluenza viruses are active. c ' 
Bror^olitj^ during the first year Qf ]if£ ^ 

JgjgJggjL a " ack rate genera lly occSffinTBew^T^d TO-^onths 

-^^:'7;r i n orients studied in Chapel Hill, the incidence of 
bro nchiolitis was aboufl Hcases p er 100 childfen-for bom^W^ 
sec ond tf moulhs ol ll lc - In the secon d year of life Tt he i nc id ence fell 
to^ proximately hajfthau Among children in the nrst year of life en- 
rolled in a health maintenance organization in Tucson, Arizona the 
1 nn u °f Urrence of lower respiratory tract illness was 32.9 cases per 
1 00 children, and 60% of these cases were bronchiolitis s 

An appreciable proportion of hospital admissions for infants within 
the hrst year of life results from bronchiolitis, especially from RSV. In 
a review by Breese and colleagues, bronchiolitis was the reason for ad- 
missum in 4% of their group-practice patients of all ages who required 
hospitalization for medical illnesses. 19 In a Seattle prepaid medical care 
group, the rate of hospitalization among infants with bronchiolitis 
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during the first 6 months of life w3s 6 per 1000 children per year. 5 
Morerecent studies using hospital discharge diagnoses have estimated 
that* RSV~caused 50&16~80 < #j^ 

1 year of aire with bronchiolitis, resulting 'in" 7 3',400 to" 1 26300 admis- 
* ^"ol^ach^v^r: ifi lFWir^nira2e group, the RSV hospitalization rate 
has been estimated to be 25 to 41 per 1000 children.'^ 1 RSV hospi- 
talizations for all children under 5 years of age have been judged to be 
1 ] 0.000 each vear. resulting in hospital costs of up to S750 million.- — 
Studies from the Centers for Disease Control and Prevention have es- 
timated the associated mortality for bronchiolitis between 1979 and 
1997 was 95 cases (range, 66 to 127) annually for children under 

5 years of a°e and in infants in the first year of life it was 2.0 per 
100.000 live'births from 1996 through 1998 23 " 25 : 55% of these deaths 
occurred in infants 1 to 3 months of age. 

Bronchiolitis is more common in boys, especially among children 
requiring hospitalization, with a sex ratio of about 1 .5 to i . 6 Other fac- 
tors described as increasing the chances of hospitalization for bronchi- 
- olitis in otherwise normal children include young age, being less than 

6 months of ase prior to onset of RSV season, young maternal age. 
lower cord blood antibody titers to RSV. lower socioeconomic status, to- 
bacco smoke exposure, living in crowded surroundings, having older 
siblinss, davcare attendance, lack of breast-feeding, a predisposition to 
atopy ^or hyperreactivity of the airway, and illness caused by RSV. 3 - 6 - 26 * 2 * 1 
Infants at risk for most severe disease, however, are those with under- 
lying conditions, especially cardiopulmonary disease, and preterm ges- 
tation. 24 In addition, certain ethnic groups of infants have higher rates 
of hospitalization for bronchiolitis. Native American and Native 
Alaskan children have been estimated to have two to three times higher 
rates than those for all infants in the United States. 25 29 

PATHOPHYSIOLOGY 

The term bronchiolitis was fim used by Engle and Newns in 1940 for 
the lower respiratory tr^td isease they observ ed in young infants tha^_ 
tencfedTo teTevere^fte n fatal, and that was probably viral in origin. 12 
Theycarefullv described the pathologic findings in these infants dying 
of bronchiolitis, which over the subsequent half century' have been 
confirmed and expanded, 30 

The pathologic findings in bronchiolitis are characteristically fo- 
cused on the respiratory epithelium with generalized involvement. The 
_virus initially repli cates in the epithelium of the upper respiratory 
tract, b ut in the young infant it tends to spread rapidly to the lower 
tract airways: Early inflammation of the bronchial and bronchiolar 



epithelium progresses rapidly to necrosis . Subsequently, the epithe- 
lium may proliferate and demonstrate cuboidal cells without cilia. 
Peribronchiolar infiltration, mostly with mononuclear cells, and 
edema of the submucosa and adventitia occur, and" these progress to 
the observed necrosis and sloughing of the bronchiolar epithelium 
(Fies. 60-2 and 60-3). 

Inflammatory changes of variable severity are observed in most, 
sm all bronchi and bronchioles . Because resistance to the flow of air is 
related inversely to the cube of the radius of the airway, the infiamma- 
tion and_edemajri_ake the small-lu men airways in infants particularly 
vulnerable to "obstruction. Plugs of necrotic material and nbnn may 
completely or partially obstruct the small airways. 

Smooth mu scle constriction does not appear to be important in the 
obstruction. In areas peripheral to" sites ot partial obstruction, air be- 
comes trapped by a process similar to a ball-valve mechanism. The 
nesative intrapleural pressure exerted during inspiration allows air to 
flow bevond the point of partial obstruction. However, on expiration, 
the size' of the lumen decreases with the positive pressure, thereby re- 
sulting in increased obstruction and hyperinflation. T hus, although air- 
flow fs impeded during both inspiration an d exp iration, the latter is 
more af^ted^^rol^geoVln areas peripheral to complete obstruc- 
tion"*the trapped a^'eventually becomes absorbed, which results in 
multiple areas of atelectasis. This absorptive atelectasis is greatly ac- 
celerated when the child is breathing high concentrations of oxygen. 
The deeree of atelectasis or hyperinflation that develops may be 
sreaterln infants because collateral channels that maintain alveolar 
expansion in the presence of airway obstruction are not well developed 
early in life. 

The physiologic correlates of this resistance to airflow are dyspnea, 
tachypnea! a diminished tidal volume, and a markedly altered distrib- 
ution of ventilation. In significant areas of lung parenchyma, the ratio 
of ventilation to perfusion is low, and this produces arterial hypox- 
emia. When an infant is no longer able to compensate for the disor- 
dered sas exchange by increasing ventilation, hypercarbia may ensue. 
The pathologic process may progress to involve the alveolar walls and 
spaces, producing an interstitial pneumonitis. Recovery tends to be 
slow and requires several weeks. 

Experi mental an d clini£al stu dies hav e suggested that the develqp- 
ment "ofjwheezing ar^d^p^ 

drerTand their risktejmb£equ^ and pulmonan'Junction 

aPnorrrmlTuesTlre related to the type^inflammatqrv response imn- 
ate'd'by RSV or other viruses and to a predisposition of the host (see 
Chapter 155)!" In particular, hypersensitivity responses characterized 



FIGURE SO-2. Inflammation and necrosis 
in bronchiolitis, resulting in obliteration 
bronchiolar lumen. 




by increased levels of virus-specific IgE antibody and certain cellular 
inflammatory mediators have been related to the development and 
severity of wheezing in infants and the risk of recurrent wheezing. 31 - 1 ' 
Studies detecting cytokines and chemokines in respiratory secretions 
of children with bronchiolitis and with recurrent wheezing have sug- 
gested the expression of interferon-7. interleukin (IL)-S."lL-10. and 
cytokines produced by helper T (Th)l and Th2 lymphocytes are im- 
portant in the pathogenesis of bronchiolitis and subsequent recurrent 
episodes of wheezing. 3, -- ,s 

Clarifying the relationship between bronchiolitis and subsequent 
asthma is complicated by confusion about the pathophysiology of 
asthma itself. 39 Asthma is a heterogeneous group of disorders engen- 
dered by multiple factors, both genetic and^environmental. These in- 
clude not only an atopic predisposition and the environmental risk- 
factors noted earlier but also specific genetic polymorphisms. 3 - 40 ^ 
Studies on twins have demonstrated that 70% of the risk of develop- 
ing asthma in early childhood is related to genetic factors, 45 and 
many of the specific linkages identified to date are related to inflam- 
mation. Nevertheless, the disorders in this heterogeneous group 
share, in various combinations, wheezing, reversible airway obstruc- 
tion, airway inflammation, and structural airway wall remodeling. 
Many distinct asthma phenotypes exist, and the following are exam- 
ples of only three: (1) Some children wheeze repeatedly^with respi- 
ratory viral infections in the first 5 years of life but have few prob- 
lems thereafter. 46 (2) Other children with atopy and allergies develop 
wheezing beyond 5 years of age. Many of these have fewer problems 
when they become teenagers and adults. (3) Other individuals with 
adult-onset wheezing are at increased risk of developing irreversible 
airway obstruction. 

Much of asthma, therefore, seems to be related to a dysregulation 
of airway inflammation. Inherited traits that do not involve" the in- 
flammatory response may also be important in some individuals, such 
as variations in the beta adrenergic receptor or in airway geometry' 
(e.g., size). Any traits that contribute to the dysregulation of airway 
inflammation or airway dysfunction in asthma may al so contribute to " 
HlL£fE^J^^ viral infections. Thus, the' in- 
creased! ncicfence of wheezing with subsequent respirator}' viral in- 
fections among children with a history of bronchiolitis in "infancy is 
not surprising. Nevertheless, the association between bronchiolitis 
and asthma is not straig htforward. Several i nvesti gators havgjiemon- 
slr j te _Hl at cnl ^ren' wiIh" bTonch iolitis in infancy h ave n o increased" 
.g^jjJP.L^g_ tn ~ ma or ab no rmal pulmonary function by ~th~e time they 
reach early adolescence. 4 ; ~~ — ~ ~ 



CLINICAL MANIFESTATIONS 

Bronchiolitis may have a variety of appellations, including wheez- 
ing, bronchiolitis, infectious asthma, and asthmatic bronchitis, but 
all refer to the clinical syndrome in young children presenting with 
wheezing and hyperinflation of the lungs often accompanied by 
tachypnea. The onset of bronchiolitis, however, consists of upper 
respiratory tract signs, especially coryza and cough. Commonly, a 
prodromal period of 1 to 7 days occurs and is marked by fever, 
which is usually mild, especially with RSV. Sometimes the initial 
presentation is apnea. Apnea usually appears after 1 to 3 days of up- 
per respiratory signs that are so mild as to go unnoticed and before 
lower respiratory tract disease is evident. Manifestations of lower 
respiratory tract involvement become evident after the several days 
of the prodromal upper respiratory tract signs. The progression of 
the disease may be reflected initially in the development of a promi- 
nent cough, and subsequently by an increase in the respiratory rate 
and in nonspecific systemic symptoms such as irritability, lethargy, 
and anorexia. With progression, tachypnea and tachycardia may 'be 
marked, although fever may no longer be present. Retractions of the 
chest wall, flaring of the nasal alae. and grunting are evidence of 
the increased work of breathing. Cyanosises rarely observed, even 
though moderate to severe hypoxemia may be present. 48 
Auscultatory findings, which may vary from hour to hour, include 
wheezing with or without crackles. Increasing dyspnea with de- 
creasing lung sounds on auscultation and diminished movement of 
air may indicate progressive obstruction and impending respiratory 
failure. 

Dehydration is a common accompaniment of bronchiolitis and re- 
sults from paroxysms of coughing, which may trigger vomiting, and 
from a poor oral intake related to the respirator)' distress and lethargy. 
Tachypnea further increases the fluid requirement. Otitis media occurs 
in 10% to 30% of infants, and mild conjunctivitis and occasionally di- 
arrhea may also be present. 

The acute course typically lasts 3 to 7 days. Most infants show 
improvement within 3 to 4 days and gradually recover over 1 to 
2 weeks, but the cough may persist for longer. One study, examin- 
ing the duration of illness in ambulatory children diagnosed with 
bronchiolitis, found that the median duration of symptoms was 12 
days. After 3 weeks, 1 8% remained symptomatic, and after 4 weeks. 
9% continued to be ill/ 9 No factor — sex. age, weight, or respiratory 
rate — appeared to be predictive of longer illness. The viral etiology 
was not examined. c ' 



FIGURE 60-3. Inflammation of the bronchi- 
ole with regenerating epithelium. 






COMPLICATIONS^ 



Almost all children recover from bronchiolitis without ^ c ^'^ 
Com B l cat ons from bronchiolitis are relatively rare, especially in nor- 

Lues ^ the onserof the acute illness, such as respiratory ^or^ 
culStorv findings, have not been of consistent prognostic value 
S3w -mSal oxygen saturation, I^JJ^XHJ 

S?and pnarTcolo 2 ic methods of management. If such complications 
occur thevTe most likely to be in infants with compromising under- 
lvins conditions and in very young miants. rmn „ M \ to 

Cardiovascular abnormalities have been occasionally repotted to 
occur S bronchiolitis in children with no under ymg ; cardiac 
disease In one study. 2% of infants with bronchiolitis had mild 
e ^ocardiographic abnormalities.* In a small group , «s wnh 
bronchiolitis from RSV or parainfluenza virus, about half were 
SemotSa^d to have some transient tricuspid valve regurg,tauon dur- 
ino the most acute phase of the illness. 

"Ration has also been demonstrated to be a relatively freque. 
complication in infants with RSV bronchiolitis. Infants who re 
3d no therapy for aspiration were much more likely to develop 
reactive airway disease subsequently. 

The sejuelae of bronchiolitis that occur frequently and are of ma- 
jor lonceTare recurrent episodes of reactive airway disease, which 
^ accompanied by pulmonary function abnormal ^s >n some ch. - 
dren As discussed previously (see "Pathophysiology ), the link be 
fween this and bronchiolitis in infancy is unclear. Nevertheless, the 
pTo'nosi for most children with subsequent episodes of whee. ng 
Snarly childhood is good. Some follow-up studies °f children 
who had bronchiolitis diagnosed in infancy have shown that these chil- 
dren at school ace had no sreater occurrence of reactive airway disease 
£ *S without an early- history of 

associated with bronchiolitis has been markedly reduced with the ad 
£H£ in the technology of supportive care. Overall ^mortality 
in hospitalized infants has been estimated to be less *an 1 % Th. 
mortalitvrate. however, increases significantly in those 
underlying compromising conditions and is estimated a 3* to 5 / > 
In these children, the greatest proportion of bro "^"^° C ^ 
deaths has occurred in infants of low birth weight (<2500 g) espe 
S in those with very low birth weight «1500 f'*™^^ 
the majority (63%) of all bronchiolitis-associated deaths , children 
under 1 year of age occurs in those with a normal birth weight. 

LABORATORY FINDINGS 



The total white blood cell count in children with bronchiolitis is usu- 
Ilh S,n the normal range or slightly elevated"' -In 
fants who are more seriously ill and hypoxemic, the white blood cell 
count mav be elevated, and the differential count may show a leftward 
shift. Most infants requiring hospitalization will have some degree ot 
hypoxemia on measurement of -m?^na-o^>gen-saturauon4evels. 
Clinically, this is difficult to assess, because the degree of wheezing 
and retractions correlates poorly with the level of oxygenation. On > 
the most severely ill children develop hypercarbia, as most are able to 
compensate for' the compromised gas exchange by increasing the 
minute ventilation despite the increased work of breathing. 



A varietv of entities may cause a similar picture of dyspnea and 
wheezin" in the infant. Asthma is not easily differentiated, particularly 
tfSne nfanfs first episode. Furthermore, the two diseases ^mav be 
Whined A n appreciable proportion of wheezing episodes occurnng 
■ ^childw ithan atopic diathesis may arise from viral infection. - 
RSV in particular has a propensity to induce ^ing « youngch, " 
dren. Even in adults with acute RSV infection that is clinically mani- 
fested as an upper respiratory tract infection, hyperreact.v ty of the 
2rtays can be detected by pulmonary function testing and may last 

f0r Sp?cni"irboraTorv and radiologic tests are not required for most 
cases of bronchiolitis - In hospitalized infants, determination of the 
vn^l etiolo™ may be heloful for infection control procedures, includ- 
m ?cohoning, and ->^~^, ^Hviral therapy, as for influenza or 

^^^St*^ agent of acute bronchiohtis can b^ 
made in an appreciable proportion of infants by viral isolation from 
Te p^ torv sSLons, preferably from a nasal wash^ It 1 most cases 
the viruses ass ociated with bronchiolitis may he. .dentified m tissue 
c^uTwithtn 3 toTaay^Moreconunonly used are the .ap.cl vital J. - 
a "nostirtechniques, es pecially for RSV and influenza A and 
B viruses which allow identification of the viral antigen in the respi- 
rator secSs within hours.— The sensitivity of these assays ; , 
variable and the positive predictive value significantly diminishes 
Xn RSV infection or the influenza viruses are not epidemic ; m the 
c^mmunirs. The use of culture in addition to the screening rapid am. - 
ge~tion assay may be of particular benefit when the suspect d 
viral a-ent is not highly prevalent in the community, and when results 
of Ae screenins rapid-technique tests are negative. Viral isolation pro- 
cedures an a^id antigen tests that include multiple viral antigens of- 
fer the further advantaee of detecting other agents that may be the 
SusTof tne tllness or that are concurrently present. The sensitivity of 
demcnnVme viral etiology appears to be markedly enhance 1 by the 
use of reverse transcriptase-polymerase chain reaction (RT-PCR 
Serologic tests to determine the etiologic agent are rarely helpful in 
Seal mLeement and may be difficult to interpret, because ne 
voung infant has maternally acquired antibody to many of the viral 

ag Tche^tSh is not routinely recommended for first-time 
wheezed the first'year of life if there are ™ 
deriving disease. 3 If a chest roentgenogram is obtained, the hallmarks 
o acute bronchiolitis are hyperinflation with associated depre ed 

diaphr S assrs tSJSSZ^ It £S£ 

^2TtiS& densities radiating from the hil, Multiple areas 
of atelectasis of variable degree are also commonly present and d.fn 
cult to dTfferentiate from the infiltrates of pneumonia. Indeed, both 
b^ST-nd pneumoma may be concurrently present, especially 

W1 T^I— es observed on the chest f^^J^ 
bronchiolitis often do not correlate with the ^^^^ 
the child may be severely ill despite minimal findings on th. uu« 
roent»enUarn. Furthermore, considerable intraobserver and interob 
ser^r variation has been observed to occur among radiologists , .the 
assTsment of roentsenographic findings for the diagnosis of lower res 
p atoS tract disease in infants, especially those with bronchio 1 .^ 

The rliff-i-r"- 1 " f wheezing " hr ™ H an ° * 

auires a careful rustorv and examination." Gastnc reflux and 1 aspnauun 
•"iTpXe a piFmTe *atTs-i» 

bronchiolitis. Other considerations include obstrucuon of the ^airway by 
fforeS oody. vascular rings, retropharyngeal abscess, and even en 
farged Senoids. Wheezing may also be associated with cysuc fibros.s, 
irnUnodeficiency, and congestive heart failure in young mtants. 



DIAGNOSIS 



THERAPY 



The diagnosis of bronchiolitis is made most frequently on the basis of 
d?e chSristic clinical and epidemiologic ^findings^ However con- 
siderable confusion exists over the exact denn.tion o, bronchiolitis. 



Supportive care is the mainstay of therapy in both outpatient and m 
Sent cases At home, care is aimed primarily at comfort, ma.nmm 
KeSut£ hydration, and treating fever if necessary. Annb.ot.cs ar- 



not routinely recommended and should be reserved for cases in which 
proven coinfection with bacteria exists. 3 -^ 

Hospitalization is necessary for those infants unable to maintain 
adequate hydration and for those infants with evidence of increasing 
lethargy and respiratory distress. This may be signaled by increasing 
retractions of the chest wall and by tachypnea. However, determina- 
tion of the respiratow rate in young infants is often confounded by 
crying and fever, and the normal respiratory rate according to age must 
be considered. 3 

More than two decades ago, Reynolds and Cook noted for hospi- 
talized infants that "oxygen is vitally important in bronchiolitis, and 
there is little convincing evidence that any other therapy is consistently 
or even occasionally useful." 74 Today, the mainstay of therapy for the 
hospitalized child remains supportive care with oxygen administration 
to maintain an adequate oxygen saturation level (usually at 92% or 
greater). i * 3 - 64 - 75 Although mist therapy is also commonly employed, its 
use has not been proven beneficial, and chest physiotherapy has been 
shown to be of no help. 75,77 

The only specific therapy currently available for hospitalized cases of 
bronchiolitis caused by RSV is inhaled ribavirin (1-p-D-ribofuranosyl- 
1.2,4-triazole-3-carboxamide), a synthetic nucleoside (see Chapter 
155). Ribavirin should be considered for therapy only for those infants 
who have or are at risk of developing severe or complicated RSV in- 
fection, such as those with underlying predisposing conditions, espe- 
cially prematurity and cardiopulmonary disease. 51 The drug is expen- 
sive and the relative benefit to cost must be considered on the basis of 
the individual patient. 

Medical therapy commonly includes bronchodilators, corticoste- 
roids, and antibiotics. Evidence for use of any of these has been con- 
fusing, contrasting, or incomplete. 64 - 78 A recent review by the Agency 
for Healthcare Research and Quality 64 of the efficacy of these thera- 
pies in managing bronchiolitis concluded that no single agent could be 
routinely recommended for the management of bronchiolitis. 
Convincing evidence for the use of these or other agents was not iden- 
tified, and some had adverse effects, including budesonide and inter- ■ 
feron-alfa-2. The agency's review suggested that several agents should 
be further studied in correctly designed trials, including nebulized ep- 
inephrine, nebulized salbutamol plus ipratropium bromide, nebulized 
ipratropium bromide, oral or parental corticosteroids (preferably dex- 
amethasone), and inhaled corticosteroids. Despite this lack of evi- 
dence of efficacy, these agents, including antibiotics, are used in the 
majority of infants hospitalized with bronchiolitis and with bronchi- 
olitis identified as caused by RSV. 79 - 80 

One meta-analysis of bronchodilating agents concluded that no rec- 
ommendation could be made because determination of their benefit 
was confounded by the various methods and populations included in 
the available studies. 81 However, a recent multicenter, randomized, 
double-blind, controlled study of infants less than 12 months of age 
with acute bronchiolitis demonstrated that therapy with nebulized epi- 
nephrine did not significantly shorten the duration of hospitalization, or 
the number of days until the infant was ready for discharge. 78 
Furthermore, in the cohort of infants who required supplemental oxy- 
gen and intravenous fluids, the time until an infant was ready to be dis- 
charged was significantly longer for those who received nebulized epi- 
nephrine than for those who received placebo. These agents, therefore, 
are not routinely recommended for infants. 3 - 64 - 82 A carefully monitored 
trial of nebulized bronchodilators in individual cases has been recom- 
mended by some. The response should .be .objectively^documented .by., 
diminished lespiratory distress and improved oxygen saturation. An 
initial beneficial response, however, may not be seen when bron- 
chodilators are again used later. Repeated use of inhaled bronchodila- 
tors in the absence of a positive clinical response is inappropriate. 

Studies examining the benefit of corticosteroid therapy have in- 
cluded infants with a clinical diagnosis of bronchiolitis but without a 
determination of specific viral etiology. The results have been con- 
flicting; most corticosteroids have shown no benefit, and their use is 
not routinely recommended. 3 64 75 A meta-analysis of therapy with sys- 
temic corticosteroids employed in six trials concluded that the dura- 
tion of hospitalization and symptoms was shortened by 0.43 days. 83 



However, two of the six trials included infants with a history of previ- 
ous wheezing. If these two studies were eliminated from the analysis, 
the remaining four studies with only first- time wheezers showed that 
corticosteroids had no significant benefit. Patients with underlying 
asthma or chronic lung disease (bronchopulmonary dysplasia) who 
have bronchiolitis related to a lower respiratory viral infection are 
much more likely to benefit from bronchodilator therapy or a brief 
course of corticosteroids than are previously well infants. Therefore, 
such therapy should be considered for infants with bronchiolitis who 
have bronchopulmonary dysplasia or chronic lung disease, a history of 
previous wheezing, or a strong family history of asthma. 

PREVENTION 

Prevention of the clinical entity of bronchiolitis is very difficult be- 
cause of its multiple etiologies and varying pathogenesis. For bron- 
chiolitis associated with primary RSV infection, antibody prepara- 
tions, including intravenous immunoglobulin and intravenous 
immunoglobulin with high titers of neutralizing antibody to RSV 
(RSV-IVIgG), and more recently monoclonal antibody directed 
against the F protein of RSV (palivizumab), have been examined for 
use therapeutically and prophylactically. 51 None of these preparations 
has shown any benefit in therapy. In high-risk infants, controlled trials 
have shown a significant reduction in hospitalization for RSV infec- 
tion when RSV-IVIgG or palivizumab is given on a monthly basis over 
the 5-month period of RSV activity in the community. 51 Whether in- 
fants with high-risk conditions would derive significant benefit com- 
pared to the cost remains controversial and in general should be deter- 
mined on the basis of each infant's circumstances and estimated risk. 

BRONCHIOLITIS OBLITERANS 

A rare, chronic type of bronchiolitis termed bronchiolitis obliterans has 
been reported in both adults and children. 84 - 85 Bronchiolitis obliterans 
has been cited as an uncommon complication of viral infections, usu- 
ally viral bronchiolitis, lung transplantation, connective tissue diseases, 
and inhalation of toxic substances. Often, no cause is identified. 85 - 86 

In infants, especially those with certain undefined genetic predis- 
positions, the major association has been with adenovirus infection. 87 
The disease appears to be particularly prevalent among Native 
American populations in central Canada and among Polynesians in 
New Zealand. In some geographic areas, the frequency or clustering 
of bronchiolitis obliterans cases has been correlated with the occur- 
rence of adenoviral infection in the community. 

Pathogenesis 

Bronchiolitis obliterans is believed to result from an injury to the bron- 
chioles and smaller airways. The healing process produces large 
amounts of inflammatory cells, mucoid tissue, granulation tissue, and 
thickening of the airway walls with connective tissue. This subse- 
quently produces obstruction, bronchiectasis, and even obliteration of 
the airways. 88,89 

Clinical Findings 

The respiratory illness in children initially appears similar to other vi- 
ral lower respiratory tract illnesses, characterized by cough and lower 
respiratory tract signs. An interim period of improvement may occur, 
^followed by progressive, symptoms of respiratory distress, productive 
cough, and wheezing. The obstructive respiratory symptoms progress 
and persist, and the child becomes chronically ill. Many develop 
bronchiectasis, cor pulmonale, and dependence on oxygen. 

Diagnosis 

A nodular, diffuse picture, similar to that for miliary tuberculosis, is 
present on chest roentgenogram. Some patients may also develop 
Swyer- James syndrome, characterized by a decrease in pulmonary vas- 
cular markings and unilateral hyperlucency. Computed tomography re- 
veals bronchiectasis, and bronchography shows that the contrast does 
not reach the peripheral areas of the lung because of the obstruction. 
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